accordingly. In addition, this study introduces a valuable procedure to manipulate online the access to interoceptive signals and for exploring the interplay between viscerosensory information and cognition.
Introduction
Social preferences such as altruism, reciprocity and fairness, are undeniably central to human interactions in daily life. However, by definition, choosing to behave altruistically may be costly at the personal level (Trivers 1971) . Recently, psychology, neuroscience and behavioral economics started to investigate which brain regions, personality traits and context facilitate attempt to solve social dilemmas. A routinely employed task is the ultimatum game (UG) (Güth et al. 1982) , where a proposer decides how to divide a sum of money, and a responder accepts or rejects the proposed division. If the offer is accepted, the proposal is implemented, and if rejected, both players receive nothing. Since the proposer has to offer more than 0, from a strictly utilitarian point of view the responder should always accept. However, participants systematically reject unfair offers, preferring to gain nothing rather than accepting unequal distribution of resources (Camerer 2003) . This form of pro-social punishment behavior is associated with a strong emotional reaction. In keeping with this finding, other studies have highlighted the crucial influence of specific emotional traits and states on the acceptance behavior in the UG. For example, experimentally induced sadness (Harle and Sanfey 2007) , anger (Andrade and Ariely 2009) 
and disgust (Moretti and di
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Pellegrino 2010) resulted in higher rejection rates of unfair offers, thus confirming the link between emotional states and rejection behavior (Sanfey et al. 2003) .
Importantly, mounting evidence suggests that emotion experience per se (independent of its content) is mediated by the access to internal bodily signals [i.e., interoception (Craig 2002; Sutterlin et al. 2011)] . At a neural level, attention toward bodily states, such as own heart rate, engages activity in the insula, ACC and somatosensory areas, i.e., a neural network strongly overlapping with the network involved in emotional experience (Zaki et al. 2012 ) and unfair-related decision making during the UG (Sanfey et al. 2003; Tabibnia et al. 2008) . However, little is known about how interoceptive responses, and the awareness of them, influence emotional appraisal of unfair offers and modulate rejection behavior in the UG. Initial evidence derives from the finding of a linear relationship between changes in heart rate and rejection behavior (Osumi and Ohira 2009) . Moreover, interoceptive accuracy has been found to moderate the relationship between changes in electrodermal activity to a given proposal and the behavioral rejection of the offer related to it (Dunn et al. 2012) . Together, these results suggest an important link between the interoceptive system and the decision making task.
Here, we sought to investigate whether exposure to interoceptive signals influences participant's behavior in an UG. The influence of interoception has been shown on various cognitive or emotional tasks (e.g., attention, (Matthias et al. 2009 ), decision making (Werner et al. 2009 ), emotional intelligence (Schneider et al. 2005) , empathy (Schneider et al. 2005 ) and tendency to general anxiety (Stewart et al. 2001 ). This has usually been assessed by grouping participants into good versus bad perceivers based on a heartbeat tracking task (Schandry and Weitkunat 1990) or heartbeat discrimination task (Critchley et al. 2004 ) and comparing the groups in a between-group design. Here, we used a within-participants approach and sought to manipulate the salience of interoceptive signals through experimental manipulation (compare Ainley et al. 2012 ) by exposing participants to three different bodily sounds, i.e., one's own heart, another person's heart or footstep sounds.
Capitalizing on a previous study (Mancini et al. 2011 ), we adapted a bilateral version of the UG task where participants alternatively acted as proposer or responder while hearing different sounds. We predicted that online exposure to one's own heartbeat would increase interoceptive awareness (Fenigstein and Carver 1978) and thus induce heightened appraisal of one's own emotional responses. Thus, we expected that when listening to their own heartbeat, participants would perceive the unfairness of offers more intensively and exhibit higher rejection rate. As a consequence, lower offers were expected when playing in the role of the proposer (van't Wout et al. 2010 ).
Methods
Participants
Thirty healthy participants (18 female; age range 19-39 years (mean = 25.7, SD = 5.0) volunteered to participate in the study. They were informed that the money earned during the economic game corresponded to their actual payoff in the game and were accordingly reimbursed with an amount between 27.4 and 43 euro (mean = 34.7, SD = 3.7). Participants were naïve as to the purposes of the study and gave their written consent. The experimental protocol was approved by the local ethics committee at the Fondazione Santa Lucia, and the study was conducted in accordance with the ethical standards of the 1964 Declaration of Helsinki.
The ultimatum game
General procedure
Participants were required to play both the role of proposer and of recipient in a modified version of the UG. Before starting the game, they were told that they could see the faces of the other participants, located at two remote Italian Universities, by means of an online network. As in the classical version of the UG (Güth et al. 1982) , the proposer's role was to decide how to split an amount of money (here always corresponding to 1 euro), while the recipient's role was to decide whether to accept or reject the proposed allocation. If the recipient rejects an offer, both players would receive nothing, while if he accepts it, each player would keep the allocated amount. To rule out the possibility of any negotiation between participants, subjects were assured that for each game, they would be randomly paired with an anonymous partner. Unbeknown to the participants, the game took place "against" a PC device, which was programmed using E-Prime software 1.2.
Modification used in the present study
In order to prevent participants from deciding on a priori strategy (e.g., always accept anything above 30 cents), they were not provided with explicit quantities of the different offers but with pictures showing the different quantities with two cents coins (see Fig. 1 ). Pretests in a different sample of n = 12 healthy controls showed that when presented with a forced-choice task, participants were reliably able to cluster the different splits into the corresponding categories.
The interoceptive manipulation
During the UG, participants listened to three sound categories: (1) their own heart, (2) someone else's heart and (3) footsteps. Participants were told that a computer algorithm randomly assigned the sequence of the different sounds.
Own heartbeat For the own heartbeat condition, a fetal heart detector (Angle sound, Fetal Doppler, http://www. jumper-medical.com/) was attached with an elastic band over the participant's chest. The recorded sound was sent to sound processing software (Ableton Live 8.2.2, https:// www.ableton.com/), which reduced noise using low-pass frequency filters (1.35 kHz) and equaled out volume differences. From there, it was played back to the participants' headphones.
Someone else's heartbeat
The sound of another person's heart was previously recorded using the same method described above. Importantly, the mean heartbeat frequency (at rest) of the two conditions was matched as closely as possible (mean difference = 3.6 beats/min; STE = 0.56).
Footsteps Footstep sounds were matched to correspond to a mean frequency of a typical heartbeat (1.17 Hz). Furthermore, we used the Audacity software (version 1.2.6, http://audacity.sourceforge.net/) in order to make the sound slightly more irregular, making it less comparable to a natural fluctuation in the frequency of the heartbeat sound.
Experimental procedure
Subjects were seated in a comfortable armchair and were asked to relax their muscles but to stay alert. The headphones were mounted, and the Doppler device (angle sound) was placed over the participant's heart. A cover story was used to avoid participants gaining insight into the experiment's purpose, i.e., participants were told that sounds would be randomly assigned by the PC, and among all the possible sounds, there was the possibility to listen to the sound of their own heart, and therefore, a recording device should be prepared for this eventuality.
First, each participant was introduced to the rules of the UG and to the internet-based platform in order to familiarize participants with the procedure and to visualize the faces of the confederates. Then, the participants were told that the game would start.
Overall, each participant was tested in six experimental blocks: three in the role of recipient and three in the role of proposer. For each participant, the recipient block was repeated three times in random order for own heartbeat condition, other heartbeat condition and footsteps condition. On each block, participants completed 24 trials, for an overall amount of 144 iterations in the whole experiment. The order of the blocks was counterbalanced across participants.
Specific instructions presented on the screen prompted subjects to play the recipient or the proposer role (Fig. 1b) . In the recipient blocks, participants received the following instructions (translated from Italian): "The computer randomly assigned you the role of responder. You may accept or reject the offers that come from your opponents. If you accept, the money will be divided according to the offer, and if you reject, neither of you will receive nothing." In the proposer blocks, participants received the following instructions (translated from Italian): "The computer randomly assigned you to the role of proposer. You may decide how to allocate the money. If your opponent accepts the offer, the money will be divided accordingly, and if he/she rejects the offer, no money will be given to any of you." Every recipient received four offers for each of six possible splits, that is, 90:10, 80:20, 70:30, 60:40, 50 :50 and 40:60 eurocents. The recipient could accept or reject the offer by pressing a button (left to accept, right to reject) with their right hand. At the end of each interaction, a feedback lasting 4 s informed participants about how much each player received (again showing the picture of, e.g., 30 cents if accepted or, if the offer was rejected, an empty picture). In the proposer blocks, participants had to decide how to split money by choosing one of the six possible offers displayed on the screen (Fig. 1c) . In these blocks, no feedback was provided to avoid any effect of the outcome on the subsequent offer.
At the end of the experiment, questionnaires were filled out, and the participants were debriefed about the purpose of the study. Overall, the experiment lasted about 1 h.
Subjective ratings of offers' fairness
After each trial, participants were asked to assess the fairness of each offer on a visual analogue scale (VAS) ranging from 0 (unfair) to 100 (fair). The question (translated from Italian) was the following: "on a scale of 0-100, where 0 corresponds to unfair and 100 to fair, how would you rate the offer you have just received?"
Subjective ratings of attention to the game/sound
After each block, participants evaluated how much attention they have paid to both the sound and the game (in randomized order) on a VAS scale ranging from 0 (no attention) to 100 (complete attention). This way, fluctuations of attention over blocks and conditions were assessed.
Manipulation check and phenomenological questions
At the end of the game, participants filled out a short questionnaire asking how they perceived the interaction during the game. In particular, a question on the recognition of their own heartbeat ("Do you think any of the sounds you heard was the sound of your own heart? If yes, in which block(s)?") was included.
Measures of interoceptive sensitivity and awareness
Heartbeat counting (interoceptive sensitivity)
Interoceptive sensitivity was measured using the classical "heartbeat tracking paradigm" (Schandry 1981) . Participants were asked to focus on their heartbeat and internally count the number of heartbeats during 4 different intervals that were presented in random order: 25, 35, 45 and 100 s. Start and end of the counting period were signaled by an auditory cue. The real heartbeat was recorded using a finger oxymeter (Adinstruments). These two measures were used to calculate a sensitivity index (see "Ultimatum game").
Recognition of one's own heart sound
A total of 12 out of 30 participants correctly identified the sound of their own heart. The remaining 18 participants reported that they could not identify or misidentified the sound of their own heart. Unfortunately, we did not collect confidence levels related to this question that would allow us to have a quantitative measure of recognition. However, the final debriefing revealed that even the participants who correctly discriminated the sound of their own heart did so mostly on the basis of an "implicit feeling" guess.
Data handling
The fairness levels were clustered into 3 groups according to their fairness: unfair (10:90 and 20:80 offers), moderately unfair (30:70 and 40:60) and fair (50:50 and 60:40). A Kolmogorov-Smirnov test showed that most of the resulting variables of interest were not normally distributed, and thus, nonparametric statistics were used for acceptance rates, offers and fairness ratings. A Friedman test was performed to test the effect of condition (one's own HB, footsteps, other HB) on the three fairness levels. Moreover, Wilcoxon tests were used for post hoc analysis of significant effects of condition. The VAS scale on the attention was analyzed using parametrical measures, as the variables were normally distributed.
To split groups according to their interoceptive sensitivity, an index was calculated as the mean score of four heartbeat perception intervals [25, 35, 45 (1−recorded heartbeats−counted heartbeats) recorded heartbeats recorded (at the denominator). This transformation reveals a sensitivity index from 0 (i.e., low interoceptive sensitivity) to 1 (i.e., high interoceptive sensitivity). The median value of interoceptive sensitivity was 0.70 (s.d. 0.19). Using a median split method, the group of 27 participants (data of 3 participants were missing due to technical problems with the recording of the heartbeat) was split into two groups of high interoceptive sensitivity (good perceivers, mean heart beat perception 0.8 s.d. 0.08, n = 14) and low interoceptive sensitivity (bad perceivers, mean heartbeat perception 0.4 s.d. 0.23, n = 13).
Results
Ultimatum game
Effect of the sounds on fairness judgment and acceptance rate
When participants were playing as recipients, the effect of condition (own HB, footsteps, other HB) was analyzed for the fairness levels for acceptance rate and for fairness judgments. While no significant effect could be evidenced for the acceptance rate (all p > 0.05, see Table 1a ; Fig. 2a ), the fairness judgments of low-fairness offers were significantly influenced by the presented sound (see Table 1b ; Fig. 2b ). Post hoc analysis revealed that unfair offers were perceived as less fair while listening to one's own heartbeat as compared to when listening to another person's heartbeat or to footsteps (see Fig. 2b ).
Effects on offers made in the role of proposer
When participants played in the role of proposer, there was again an effect of the experimental condition on the low-fairness offers only (see Table 1c ). Post hoc analysis suggested that participants offered more unfair offers when listening to their own heart as compared to another person's heart or the footsteps (see Fig. 2c ), which also resulted in a lower general sum of offers made (Friedman 7.5 p = 0.023).
Behavior of good versus bad perceivers
In order to test if the trait interoceptive sensitivity, as measured by the heartbeat counting paradigm, played a role in explaining the different influence of listening to sound categories on the UG, we tested whether the difference between conditions (e.g., own HB relative to footsteps) was modulated as a function of the sensitivity index by grouping the participants into good versus bad perceivers (see "Data handling"). Yet, neither of the significant effects (see Table 1 ) differed significantly between the two groups (all p values >0.05).
Attention paid to the game in the different sound conditions A 2 × 3 × 2 ANOVA with the within-factors role (recipient, proposer), condition (one's own heartbeat, footsteps and other's heartbeat) and object (attention to game/ attention to sound) revealed a significant main effect of condition (F (2,28) = 4.2, p = 0.025,), as well as a main effect of object (F (1,29) = 16.5, p < 0.001) explained by a higher amount of attention being drawn to the game than to the sound and an interaction effect of role and object (F (1,29) = 10.1, p = 0.004). Post hoc t tests of the main effect of condition suggest that participants were generally more attentive when hearing their own heartbeat as compared to the footsteps (t = 2.4, p = 0.02, see Fig. 3 ) and a trend to more attentive as compared to other's heartbeat (t = 2.5, p = 0.02). No significant difference between other's heartbeat and footstep was found (t = 0.6, p = 0.95, see Fig. 3 ). Post hoc t tests of the interaction effect suggest that participants paid more attention to the game and less to the sound when they were in the role of the proposer as compared to when they were in the role of the recipient.
Discussion
In the present study, we explored for the first time whether exposure to interoceptive signals during the UG may influence social economic decision making. We demonstrate that providing auditory online feedback of one's own heartbeat (1) increased subjective feelings of unfairness in response to unfair offers and (2) increased the unfair offers of participants playing in the proposer role. These findings provide compelling evidence for an influence of interoceptive information on decision making in socioeconomic exchange scenarios and contribute to the understanding of the emotional reactions to altruistic punishment in the context of the UG (Sanfey et al. 2003; Moretti and di Pellegrino 2010; Dunn et al. 2012 ). In addition, we suggest our approach introduces a new procedure for conveying interoceptive information to study the interplay between viscero-sensory information and cognition.
Influence of exposure to different bodily sounds on perceived fairness of offers When acting in the role of recipient, we found that providing feedback about one's own cardiac processes enhanced the feeling of unfairness of very disadvantageous offers. Interestingly, such modulation was true only for the lowfairness offers, the type of offer frequently reported to have 50 % chance of rejection (Nowak et al. 2000; Camerer 2003) . We suggest that listening to their own heartbeat made participants attend more their reaction to receiving an unfair offer (e.g., anger, see (Pillutla and Murnighan 1996) , leading to a change in the subjective appraisal of the monetary offers. Yet, enhanced feelings of unfairness were not accompanied by changes in acceptance behavior. A similar dissociation between appraisal and acceptance behavior was previously found in two repeated transcranial magnetic stimulation (rTMS) studies (Knoch et al. 2006; Baumgartner et al. 2011 ). Both studies found that the right dorsolateral prefrontal cortex to be specifically involved in rejection behavior but not in fairness judgment, suggesting distinct neural networks underpin these two processes. We thus suggest that despite the feelings of unfairness, participants might have been able to regulate punishment impulses enough and continued to act in a self-interested fashion, possibly using the expression of their enhanced inequity feelings as a less costly strategy to punishment (i.e., rejection). In keeping with this, it has been shown that recipients who are allowed to directly display their negative emotions to proposers exhibited fewer rejections with respect to those who were constrained to keep their emotions to themselves (Xiao and Houser 2005) . Finally, recent research demonstrates that engagement in different cognitive strategies of emotional regulation impacts affective reactions to unfair offers and rejection (van't Wout et al. 2005; Grecucci et al. 2013b ). The posterior insular cortex, an area that processes visceral interoceptive information (Craig 2009; Farb et al. 2013) , was found to be particularly responsive to emotional modulation strategies (Grecucci et al. 2013b) . In another study (Kirk et al. 2011) , experienced Buddhist meditators, who may have higher interoceptive sensitivity, presented higher acceptance rates and preferentially activated the posterior insula during unfair offers, while controls recruited the anterior portion of the insular cortex, an area that has been shown to predict rejection behavior in the UG (Sanfey et al. 2003) . The authors argued that meditators, likely attending internal body states, were better able to uncouple negative emotional responses from their behavior. Together with our results, these findings suggest that interoceptive signals may partly mediate cognitive appraisal of economic offers.
Influence of exposure to different bodily sounds on making offers When acting in the role of the proposer, participants offered a lower total amount of money when listening to their own heart sound than when listening to the other sound categories. Interestingly, this effect was explained by the presence of a higher amount of unfair offers. This behavior does not seem strategic as in the classical UG participants usually expect their opponents to reject unfair offers (Frith and Singer 2008) and consequently offer an even or almost even split (Camerer 2003) . Very few studies have investigated how emotional processing might affect behavior in the role of the proposer. Yet, two alternative explanations seem plausible to explain this finding. First, it has been shown that the amount of money proposed in the second interaction is related to the amount of money initially offered to the participant (e.g., van't Wout et al. 2010) . This is in line with the appraisal theory, which suggests that specific cognitions are important antecedents of specific emotions and thereby specific action tendencies (e.g., Frijda et al. 1989; Smith and Ellsworth 1985) Thus, the cognitive appraisal of unfairness and the resulting emotion of anger when playing as a responder could have driven an enhancement of punitive behavior when playing as proposers. Second, as a more direct influence, interoceptive feedback might have enhanced a self-centered perspective taking. This idea is in line with data showing that participants with high interoceptive sensitivity are more resistant to bodily illusions and self-other confusions (Tsakiris et al. 2011) , thus showing a stronger first person perspective. Furthermore presentation of the online heartbeat on a virtual body has been shown to change self-identification with it and self-location toward it, suggesting an important contribution of interoceptive signaling to center the self (Aspell et al. in press ).
The influence of sounds is implicit and independent of interoceptive sensitivity Listening to one's own heart as compared to another heart did influence judgment, behavior and attention during the game. In particular, we found increased attention to the game and to the sound during the own heart, which is in line with previous findings of an association between interoceptive awareness with increased divided attention (Matthias et al. 2009 ). Despite these significant influences, participants were, by and large, unable to consciously discriminate their own heart from that of another person as evidenced by post-experimental questionnaire. Moreovereven if this finding has to be taken with some caution due to a relatively small sample size-behavior or fairness appraisal in the UG does not seem to be explained by participants' scores in the heartbeat counting paradigm. This suggests that interoceptive sensitivity does not have a direct role in the observed modulation. It is thus likely that the (exteroceptive) exposure to interoceptive signals increased (implicit) interoceptive awareness even in participants who are not sensitive to changes in physiological activity. This is in line with recent literature that showed an influence of interoceptive signals on emotional, cognitive and even neurophysiological processes without awareness of it (e.g., Aspell et al. in press; Gray et al. 2007 Gray et al. , 2010 .
Interestingly, and in line with these findings, the only study that has previously explored the role of interoception on the UG did not find a direct relationship between interoceptive sensitivity as measured by the counting task and behavior (Dunn et al. 2012) . Instead, the authors found that interoceptive accuracy moderated the relationship between electrodermal responses to unfair offers and rejection behavior, and only in participants classified as "good interoceptors." On the other hand, in "bad interoceptors," it was greater heart rate variability (and index of trait emotion regulation ability) that predicted reduced rejection rates (see also (Sutterlin et al. 2011) ). The study thus demonstrates how individual differences in perceiving bodily signals interact with different strategies of emotional responding. While the measurement of individual differences in interoceptive sensitivity has proven to be a useful tool in the study of how this ability correlates with behavior or personality traits (Stewart et al. 2001; Herbert et al. 2007; Matthias et al. 2009; Pollatos et al. 2009; Werner et al. 2009; Dunn et al. 2012) , this approach may not always provide the most complete description of the role of interoception in cognition. In fact, several studies found the effects of cardiac interoceptive accuracy to be context dependent or to mediate/or be mediated by other variables (Bogaerts et al. 2005 (Bogaerts et al. , 2008 Pollatos et al. 2009; Dunn et al. 2012) .
In addition, several concerns have been raised about the standard measurements (Jones 1994; Knapp-Kline and Kline 2005; Khalsa et al. 2009; Ceunen et al. 2013 ), as such approaches rely on between participant designs making them more prone to confounds of other related personality traits. In some cases, manipulating attention to interoceptive signals within participants may constitute a more flexible and comprehensive approach to study the interplay between visceral states, cognition and social behavior. Here, we introduce a novel procedure to manipulate access to interoceptive signals in an event-related and fairly implicit way.
Finally, it is worth noting that presenting feedback of one's own heart sound is substantially different from providing feedback of heart rate by means of an auditory tone or light flash at the occurrence of a heartbeat (Gray et al. 2007) . The sound of the heart, as translated by means of a Doppler device, conveys information such as systolicdiastolic interval, duration and changes in intensity of cardiac tones that better represent the cardiovascular activity, and thus is likely to provide a more comprehensive feedback on cardiac responses. Future research using this approach should be complemented with further measures such as indices of autonomic activity such as electrodermal activity and heart rate (Osumi and Ohira 2009; Dunn et al. 2012 ), brain activity (Sanfey et al. 2003; Baumgartner et al. 2011; Grecucci et al. 2013b) or trait and state anxiety (Paulus and Stein 2006; Hartley and Phelps 2012; Grecucci et al. 2013a ) to help disentangle the dynamics associated with the feedback of own heart sound. We foresee that this manipulation might reveal itself as a valuable tool for the study of emotion regulation processes and the interplay between viscero-sensory information and emotional states.
